The study conducted in this paper is focused on a predominantly residential area of the City of Ljubljana-Koseze, which is characterized by generally favorable (bio)climatic conditions. Nonetheless, thermal satellite images showed that residential neighborhoods within the Koseze district display unexpected variations in summer temperatures. This observation called into question the benefits of existing bioclimatic features and indicated the need to investigate and compare two neighborhoods with similar urban parameters, with the aim to identify morphological differential characteristics impacting urban heat island (UHI) intensity. By applying the study methodology based on a literature review, surveys of key precedents, detailed mapping in two Koseze locations, in situ measurements, observations and recordings, thermal imagery, and the analyses of statistical data, as well as by defining the four main categories of morphological urban parameters-structure, cover, fabric and metabolism, it was concluded that both neighborhoods have common morphological elements mitigating the UHI effect. Additionally, it was found that the neighborhood with higher UHI intensity has several less favorable features, such as busier roads, larger surface of parking corridors, and the existence of underground parking space. The traffic as an element of urban morphology hence represents the main cause of differences among UHI levels in the two Koseze neighborhoods.
Introduction
Numerous negative manifestations of climate change, such as the changes in humidity, clouds, rain patterns, the strength and frequency of weather events (fog, snow, storms), and the damage done by weather [1] , as well as the increase of air, ground and ocean temperature, being the direct response to global warming, progressively affect local and global environment. To restrain climate change it would be necessary to add ecosystem services to world business [2] . "Urban areas are especially vulnerable to high temperature, which will intensify in the future due to climate change" [3] (p. 1). Climate change, its local manifestations, and the features of a city itself together contribute to the occurrence of different negative alterations and phenomena such as the intensification of the urban heat island (UHI). UHI effect is a phenomenon where significant temperature difference between inner micro-climates of a city and their neighboring micro-climates can be perceived [4] . Increased ambience temperatures deteriorate the physical well-being of a city's population, as a result of thermoregulatory Sustainability 2017, 9, 122 3 of 20 morning time to having a top speed of around 2-3 m/s in the afternoon (both stations); air humidity was the lowest at that time (both stations). The weak SW wind and low humidity caused low night-time temperatures, especially at the rural station where the UHI intensity rose by 0.5-2 K [17] (pp. 363-365).
Nonetheless, a major part of the City of Ljubljana ( Figure 1 ) is currently not intensively affected by the UHI phenomenon ( Figure 2 ). In general, temperature variations in urban areas with a low UHI effect have not been studied sufficiently in the literature. The greatest attention is placed on the studies proving its existence and proposing methodologies for mitigating high UHI intensity. Thus the paper aims to address the following research questions: Is there a relationship between urban climate concentration and urban morphology in residential areas with low UHI, and if so, what are the differences in locations with similar parameters? Additionally, how to identify relevant research parameters when there is a multitude of indicators available?
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Materials and Methods

Study Area
To investigate the impact of morphological features on urban climate (temperature) across residential areas, two neighborhoods with similar urban parameters in Koseze, a district in Ljubljana, were selected (Figures 4 and 5): a terraced residential neighborhood (hereinafter: TRN) and the Mostec residential neighborhood (hereinafter: MRN). Koseze is an area situated at NW of Ljubljana, 
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Study Area
To investigate the impact of morphological features on urban climate (temperature) across residential areas, two neighborhoods with similar urban parameters in Koseze, a district in Ljubljana, were selected (Figures 4 and 5 TRN/The terraced residential neighborhood (1974) was designed as a neighborhood of long, linear, and low residential buildings with terraces, containing in total 1564 apartments [21, 22] . The idea of TRN was based on providing for high-quality living conditions and excluding car traffic from the pedestrian level. The terraced shape of the G+3 buildings with an inclined profile and atrium apartments on the ground floor is designed to blend with the building structure involving pedestrianonly streets between gardens [23] . The neighborhood is a composition of terraced blocks of the same design, which narrow down towards the top. So each apartment has its own outdoor space, a terrace. The parallel apartment blocks which are, in terms of their orientation, inclined at an angle of 5° (in NE-SW direction) are separated by "no-traffic" green belts. The Koseze terraced neighborhood was selected among 100 nationally significant architectural and urban design works of Slovenian Modernism of the 20th century, i.e., as part of the Slovenian cultural heritage [24] . In 2010, its population was 3251 [13] (Figure 6 ).
MRN/The Mostec residential neighborhood (2002) has a contemporary organic composition organised as a transition from the surrounding development to the green forest space. The area is characterized by the mix of various structures of social small-scale construction, natural surroundings, and the diverse architectural expression of buildings. Its urban design is based on the idea of a gradual softening at the contact of urban and green areas of the city outskirts with the introduction of urban belt-like features in a more natural space. This is undoubtedly a good solution in the sense of landscape organization and landscape protection criteria [25] . The exchange of characterized by generally favorable climate parameters, which are regarded as borders with the bioclimatic elements that regulate summer temperatures, i.e., the urban forest (Šišenski hrib) and the pond (Koseški bajer). TRN/The terraced residential neighborhood (1974) was designed as a neighborhood of long, linear, and low residential buildings with terraces, containing in total 1564 apartments [21, 22] . The idea of TRN was based on providing for high-quality living conditions and excluding car traffic from the pedestrian level. The terraced shape of the G+3 buildings with an inclined profile and atrium apartments on the ground floor is designed to blend with the building structure involving pedestrianonly streets between gardens [23] . The neighborhood is a composition of terraced blocks of the same design, which narrow down towards the top. So each apartment has its own outdoor space, a terrace. The parallel apartment blocks which are, in terms of their orientation, inclined at an angle of 5° (in NE-SW direction) are separated by "no-traffic" green belts. The Koseze terraced neighborhood was selected among 100 nationally significant architectural and urban design works of Slovenian Modernism of the 20th century, i.e., as part of the Slovenian cultural heritage [24] . In 2010, its population was 3251 [13] (Figure 6 ).
MRN/The Mostec residential neighborhood (2002) has a contemporary organic composition organised as a transition from the surrounding development to the green forest space. The area is characterized by the mix of various structures of social small-scale construction, natural surroundings, and the diverse architectural expression of buildings. Its urban design is based on the idea of a gradual softening at the contact of urban and green areas of the city outskirts with the introduction of urban belt-like features in a more natural space. This is undoubtedly a good solution in the sense of landscape organization and landscape protection criteria [25] . The exchange of TRN/The terraced residential neighborhood (1974) was designed as a neighborhood of long, linear, and low residential buildings with terraces, containing in total 1564 apartments [21, 22] . The idea of TRN was based on providing for high-quality living conditions and excluding car traffic from the pedestrian level. The terraced shape of the G+3 buildings with an inclined profile and atrium apartments on the ground floor is designed to blend with the building structure involving pedestrian-only streets between gardens [23] . The neighborhood is a composition of terraced blocks of the same design, which narrow down towards the top. So each apartment has its own outdoor space, a terrace. The parallel apartment blocks which are, in terms of their orientation, inclined at an angle of 5 • (in NE-SW direction) are separated by "no-traffic" green belts. The Koseze terraced neighborhood was selected among 100 nationally significant architectural and urban design works of Slovenian Modernism of the 20th century, i.e., as part of the Slovenian cultural heritage [24] . In 2010, its population was 3251 [13] (Figure 6 ).
MRN/The Mostec residential neighborhood (2002) has a contemporary organic composition organised as a transition from the surrounding development to the green forest space. The area is characterized by the mix of various structures of social small-scale construction, natural surroundings, and the diverse architectural expression of buildings. Its urban design is based on the idea of a gradual softening at the contact of urban and green areas of the city outskirts with the introduction of urban belt-like features in a more natural space. This is undoubtedly a good solution in the sense of landscape Sustainability 2017, 9, 122 6 of 20 organization and landscape protection criteria [25] . The exchange of building typologies creates a more authentic atmosphere within the neighborhood [25] . In 2010, its population was 858 [13] (Figure 6 ). building typologies creates a more authentic atmosphere within the neighborhood [25] . In 2010, its population was 858 [13] ( Figure 6 ). The UHI map for Koseze reveals that the MRN neighborhood, located in the immediate proximity of the urban forest (Šišenski hrib) and the pond (Koseški bajer), has higher UHI than the more distant TRN neighborhood with similar urban parameters ( Figure 7 ). This put into question the impact of natural bioclimatic features on summer temperatures and underlined the need to thoroughly investigate and compare the two neighborhoods, i.e., to identify and describe those morphological differential characteristics that impact UHI intensity. The UHI map for Koseze reveals that the MRN neighborhood, located in the immediate proximity of the urban forest (Šišenski hrib) and the pond (Koseški bajer), has higher UHI than the more distant TRN neighborhood with similar urban parameters ( Figure 7 ). This put into question the impact of natural bioclimatic features on summer temperatures and underlined the need to thoroughly investigate and compare the two neighborhoods, i.e., to identify and describe those morphological differential characteristics that impact UHI intensity. building typologies creates a more authentic atmosphere within the neighborhood [25] . In 2010, its population was 858 [13] ( Figure 6 ). The UHI map for Koseze reveals that the MRN neighborhood, located in the immediate proximity of the urban forest (Šišenski hrib) and the pond (Koseški bajer), has higher UHI than the more distant TRN neighborhood with similar urban parameters ( Figure 7 ). This put into question the impact of natural bioclimatic features on summer temperatures and underlined the need to thoroughly investigate and compare the two neighborhoods, i.e., to identify and describe those morphological differential characteristics that impact UHI intensity. 
Methods and Tools
The initial question of this study was raised to identify urban morphological conditions of livable small communities in relation to thermal satellite imagery and the UHI effect. Are there any relations between UHI levels and urban design and planning in the two Koseze cases, or is the situation just an "accidental" outcome of the design solutions made? What is the significance of densities, floor space prescriptions, plot sizes or land use, and accessibility parameters? How important are single elements on the micro-scale, such as envelope materials and colors, openings, greenery, pavements, or water bodies?
The methodology employed for this study consists of a literature review, surveys of key precedents, and detailed mapping. The study into UHI changing and its impact on the comfort of living in an open space is focused on two levels at the micro-scale, including the correlation between urban morphology and climate change in open spaces or voids: (1) Interconnection of urban morphology and climate impacts through mapping and spatial analysis; (2) Observation of detailed climate parameters with an emphasis on temperature variability. We were particularly looking for, and studied, deviations, i.e., elements that do not follow the theoretical starting points.
The 95th percentile of the UHI appears well correlated with population density. In addition, there is an inverse proportionality between UHI and the percentage of surface area covered by green vegetation, although the relation with open water remains unclear [26] . Oke [11] defined four significant controls on urban climate including urban structure, urban cover, urban fabric, and urban metabolism (anthropogenic heat, water, and pollution). These four controls, playing important roles in creating certain urban climatic environments, are all related to urban morphology:
• urban structure: urban density, dimensions of buildings and in-between spaces, street widths and spacing, building typology, programme (housing, mixed use), and the weighted density; This study articulates the elements of urban morphology, urban cover, urban fabric, and urban metabolism, with an emphasis on the changing of temperature comfort in the open space. Fundamentally, the study implements combined morphological research methodologies with statistics, field observations, and analyses in TRN and MRN neighborhoods, as follows:
• Compilation of historical maps, competition data, urban composition and processes of development (inventory of urban history and morphological evolution). Mapping of demographic data (population, density); urban history (origin, developing phases, and key alterations); geomorphological (topography, reliefs, terrain type, and climate conditions), and urban morphological data (border conditions). Analysis of urban morphology using GIS mapping. Data by the Surveying and Mapping Authority of the Republic of Slovenia. Software used: Esri ArcGis Software.
• Thermal satellite imagery was done based on Landsat data obtained from [27] . Landsat 8 satellite (launched as the Landsat Data Continuity Mission-LDCM on 11 February 2013) mission continues the acquisition of high-quality data that meet both NASA and USGS scientific and operational requirements for observing land use and land change [27] . We used Landsat 8 images for the production of the thermal map. This satellite records the Earth's surface in 11 spectral bands suitable for observing the various activities on the Earth's surface. Here we used Band 10. The thermal infrared bend or TIR shows surface heat. The images were processed using Esri ArcGis Software, which were transformed in a way to calculate temperature for each pixel separately.
•
In situ measurement of air temperature; analysis of data on temperature at both locations, July 2016 ( Figure 8 ). Observations were carried out during July 2016. Air temperatures were measured at many locations, 1.2 m above the ground in both neighborhoods from 7 to 15 July 2016, every day at 7 p.m. The locations were selected based on the data revealing higher temperatures than in the surroundings. During the recording period, the summer temperatures were first increasing, then decreasing, while the temperature differences between the warmest and the coldest days were more than 10 K. These data were compared against the temperatures recorded at the Koseze automated weather station, which is situated 5 m and 290 m away from the TRN and MRN neighborhoods, respectively (i.e., considering the minimum distance to the first building). In all cases, the measured temperature in the neighborhood was higher than that recorded at the weather station outside the densely built-up area.  In situ measurement of air temperature; analysis of data on temperature at both locations, July 2016 ( Figure 8 ). Observations were carried out during July 2016. Air temperatures were measured at many locations, 1.2 m above the ground in both neighborhoods from 7 to 15 July 2016, every day at 7 p.m. The locations were selected based on the data revealing higher temperatures than in the surroundings. During the recording period, the summer temperatures were first increasing, then decreasing, while the temperature differences between the warmest and the coldest days were more than 10 K. These data were compared against the temperatures recorded at the Koseze automated weather station, which is situated 5 m and 290 m away from the TRN and MRN neighborhoods, respectively (i.e., considering the minimum distance to the first building). In all cases, the measured temperature in the neighborhood was higher than that recorded at the weather station outside the densely built-up area. Figure 10 gives a summary of the study methodology, a brief overview of the linear path of data checking, i.e., the thermal satellite imagery providing the information on the importance and value of UHI, harmonisation of the data obtained during field work, and analysis of urban morphology through mapping (GIS). The results of the spatial legibility method for understanding the changing of micro-local conditions are given below. Figure 10 gives a summary of the study methodology, a brief overview of the linear path of data checking, i.e., the thermal satellite imagery providing the information on the importance and value of UHI, harmonisation of the data obtained during field work, and analysis of urban morphology through mapping (GIS). The results of the spatial legibility method for understanding the changing of micro-local conditions are given below. 
Results
This study reveals the unseen interconnections between the four explored categories of parameters on the micro scale and the importance of their impact on temperature changes.
Based on the methodological approach toward interconnecting urban morphology with climate impact data, by registering them on the micro level of both locations (TRN and MRN), we made a synthesis of the urban morphology and in-site measurements regarding Oke's [11] definition of four significant controls on urban climate.
Urban Morphology-Density, Orientation and Openness
As to their relationship to morphology, we investigated elements such as: size of structures, height of the built structure, dimension and orientation of buildings, presence of voids in the built area, specific shapes of high rises, changing of shadows because of the built structure, play of light and shadows during the day, possibility of wind flows. Figure 11 shows the height of buildings; the tables provide details on building characteristics (Tables 1-3 ). We find that the overheating produced by UHI in MRN is greater despite the lower height of buildings. The composition of diverse family houses and block construction in MRN, in a diversified composition, prevents a more favorable impact of wind direction. The closed set-up in the NE-SW direction reduces air flow in both locations. The distances between buildings in MRN are greater. In terms of air overheating, the shape of the buildings has the main impact on the difference between the locations, i.e., terraced-type of construction in TRN and blocks in MRN. The vegetation on terraces in TRN has a cooling effect, while roof surfaces, otherwise causing overheating, are smaller with terraced construction. The surfaces creating overheating in MRN are larger, despite larger green areas, due to the larger distance between buildings. The overheating of floor surfaces is also affected by the existence or absence of basement. In MRN, underground levels act as an additional warm surface. The differences in air overheating 
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Urban Morphology-Density, Orientation and Openness
As to their relationship to morphology, we investigated elements such as: size of structures, height of the built structure, dimension and orientation of buildings, presence of voids in the built area, specific shapes of high rises, changing of shadows because of the built structure, play of light and shadows during the day, possibility of wind flows. Figure 11 shows the height of buildings; the tables provide details on building characteristics (Tables 1-3 ). We find that the overheating produced by UHI in MRN is greater despite the lower height of buildings. The composition of diverse family houses and block construction in MRN, in a diversified composition, prevents a more favorable impact of wind direction. The closed set-up in the NE-SW direction reduces air flow in both locations. The distances between buildings in MRN are greater. In terms of air overheating, the shape of the buildings has the main impact on the difference between the locations, i.e., terraced-type of construction in TRN and blocks in MRN. The vegetation on terraces in TRN has a cooling effect, while roof surfaces, otherwise causing overheating, are smaller with terraced construction. The surfaces creating overheating in MRN are larger, despite larger green areas, due to the larger distance between buildings. The overheating of floor surfaces is also affected by the existence or absence of basement. In MRN, underground levels act as an additional warm surface. The differences in air overheating are due to the various building typologies affecting also insolation and shading of the outdoor space ( Figure 9 ). In TRN, terraces provide the shading of the outdoor space (either of the eastern or the western façade). In MRN (family houses and blocks) there is almost no shade between 12:00 and 4:00 p.m. Also, distances provided between some buildings (in TRN the average width of streets is 20.50 m, in MRN 27.00 m) are favorable in terms of shading, but also unpleasant, i.e., confined (deviation from the original design and densification of development on the account of building density).
Sustainability 2017, 9, 122 11 of 20 are due to the various building typologies affecting also insolation and shading of the outdoor space ( Figure 9 ). In TRN, terraces provide the shading of the outdoor space (either of the eastern or the western façade). In MRN (family houses and blocks) there is almost no shade between 12:00 and 4:00 p.m. Also, distances provided between some buildings (in TRN the average width of streets is 20.50 m, in MRN 27.00 m) are favorable in terms of shading, but also unpleasant, i.e., confined (deviation from the original design and densification of development on the account of building density). Figure 11 . Urban density and urban structure at TRN and MRN. Finally, the height of buildings and the distance between buildings are less significant than building typology and orientation.
Urban Cover-Connections between Cover, Function, and Material
In terms of land use, the following elements were studied: traffic system, parking areas (locations, exposure, openness of lots, density of use, number of vehicles), pedestrian and bicycle trails and their size, uses of the ground floor, built-up areas and open spaces (gardens, greenery and pavement material vs. volume of buildings), green surfaces (in the location, on the border, or in the surrounding), surrounding landscape (water, vegetation, topography, wind, radiation), humidity (season and precipitation). The use of green areas in TRN is much more prominent, because vegetation is found throughout the terraced apartment buildings (greening of balconies, as provided for in the architectural design); trees are added in the streets between the buildings. Street space design with high trees reduces surface overheating, regardless of the choice of pavement material. In TRN, many surfaces are covered by tree canopies (shading). Figure 12 (in connection to Tables 1-3) shows the elements in relation to existence or absence of basement; the tables detail the parameters. Stationary traffic has also an important impact on overheating. Car park areas are larger in MRN, they reach outside the buildings' outline and, as a consequence, during the summer the number of overheated vehicles at the location is greater. A detailed overview of land use shows that underground car parks in MRN impact the overheating of the upper green plots and the pathway at the site. In MRN, where there could be some positive effect from the near-by forest, there is an open corridor (concrete canal) for parking at the level of the basement, which means that heat is further accumulated. This eliminates all potential positive effects of the border condition, i.e., the forest.
green; R-red; B-brown.
Finally, the height of buildings and the distance between buildings are less significant than building typology and orientation.
In terms of land use, the following elements were studied: traffic system, parking areas (locations, exposure, openness of lots, density of use, number of vehicles), pedestrian and bicycle trails and their size, uses of the ground floor, built-up areas and open spaces (gardens, greenery and pavement material vs. volume of buildings), green surfaces (in the location, on the border, or in the surrounding), surrounding landscape (water, vegetation, topography, wind, radiation), humidity (season and precipitation). The use of green areas in TRN is much more prominent, because vegetation is found throughout the terraced apartment buildings (greening of balconies, as provided for in the architectural design); trees are added in the streets between the buildings. Street space design with high trees reduces surface overheating, regardless of the choice of pavement material. In TRN, many surfaces are covered by tree canopies (shading). Figure 12 (in connection to Tables 1-3) shows the elements in relation to existence or absence of basement; the tables detail the parameters. Stationary traffic has also an important impact on overheating. Car park areas are larger in MRN, they reach outside the buildings' outline and, as a consequence, during the summer the number of overheated vehicles at the location is greater. A detailed overview of land use shows that underground car parks in MRN impact the overheating of the upper green plots and the pathway at the site. In MRN, where there could be some positive effect from the near-by forest, there is an open corridor (concrete canal) for parking at the level of the basement, which means that heat is further accumulated. This eliminates all potential positive effects of the border condition, i.e., the forest. In conclusion, in terms of the surfaces influencing the overheating of outdoor air, the existence of basement and tree height are the main influence parameters. Unfavorable morphological design reduces the positive effect of border conditions such as the forest and the pond in MRN.
Urban Fabric-Surfaces and Materials
Given the selection of materials for the final surfaces, our study was focused on the following elements: buildings (plaster, wood, metal, plastics, material vs. openings), glass facades (openness, orientation, shading of openings, see Figure 5 ), roofs (gradient, orientation, material), pavements (concrete, stone, asphalt, etc.), slopes and border conditions. In the upper surfaces, where UHI is expressed, we determined the temperature differences of materials of the built areas and their dependence on the exposition, orientation, and presence of shadow, vicinity of greenery, and border conditions. Looking at Figure 13 (in connection to Tables 1-3 ) and by observing the spatial characteristics of the building façades on the ground, we can see the following: in MRN the structures with larger glass-enclosed parts of the façade and added shading and canopies are oriented towards W, while in E directions the glazed surfaces are smaller, protected from the sun, and there are no canopies. In TRN the proportion of glazing on the façade is larger than in MRN; however, the terraces provide the canopy to the lower ground, therefore direct exposure of the glass-enclosed areas to the sun is smaller. The façade surfaces of buildings in MRN are more diverse in color, while the choice of materials is also diverse and reflected on the façades in the visual composition of various elements. In connection with overheating, it is important to detect darker colors, metal façade linings, and asphalt surfaces (the latter was added as the influence of border conditions and pavement). In conclusion, in terms of the surfaces influencing the overheating of outdoor air, the existence of basement and tree height are the main influence parameters. Unfavorable morphological design reduces the positive effect of border conditions such as the forest and the pond in MRN.
Given the selection of materials for the final surfaces, our study was focused on the following elements: buildings (plaster, wood, metal, plastics, material vs. openings), glass facades (openness, orientation, shading of openings, see Figure 5 ), roofs (gradient, orientation, material), pavements (concrete, stone, asphalt, etc.), slopes and border conditions. In the upper surfaces, where UHI is expressed, we determined the temperature differences of materials of the built areas and their dependence on the exposition, orientation, and presence of shadow, vicinity of greenery, and border conditions. Looking at Figure 13 (in connection to Tables 1-3 ) and by observing the spatial characteristics of the building façades on the ground, we can see the following: in MRN the structures with larger glass-enclosed parts of the façade and added shading and canopies are oriented towards W, while in E directions the glazed surfaces are smaller, protected from the sun, and there are no canopies. In TRN the proportion of glazing on the façade is larger than in MRN; however, the terraces provide the canopy to the lower ground, therefore direct exposure of the glass-enclosed areas to the sun is smaller. The façade surfaces of buildings in MRN are more diverse in color, while the choice of materials is also diverse and reflected on the façades in the visual composition of various elements. In connection with overheating, it is important to detect darker colors, metal façade linings, and asphalt surfaces (the latter was added as the influence of border conditions and pavement). In terms of use of materials, the share of glass on façades has the greatest significance, increasing air overheating in a combination with contemporary façades with clean lines (without canopies).
Urban Metabolism-The Impact of Human Activities
In this category, our study referred to the elements concerning human activities, even though many other elements were recorded as well, i.e., elements added by individuals themselves, either planned or not, such as: air conditioning installations, shading, bins, cars (even though both locations are closed for traffic), open fires, etc. When visiting the locations, it became clear that some of these elements were unpredictable, so we neglected their significance. Road congestion and cars ( Figure  14 ; in connection to Tables 1-3) also cause overheating. Both study locations are "surrounded by" busy transport roads, which however do not significantly impact the overheating inside the locations. The presence of a growing number of users outdoors has a great impact on overheating. In connection with the morphology of buildings (and based on field investigations) we found that the movement of users in TRN is completely different than that in MRN. In MRN, users mostly spend time at the pond for two reasons: there are water areas and vegetation, while there is a lack of shades between buildings. In TRN they move within the entire area (park, shading, and vegetation). The number of users decreases with higher temperature (the lack of shade). On the other hand, we found that in terms of overheating of surfaces, air-conditioning installations have a greater influence on the ventilation of the attic level in MRN than exterior air-conditioning installations in TRN, which are additionally mounted on the façade. The impact of garbage bins on overheating due to decomposition is also negligible, as their quantity is rather insignificant and they are regularly emptied. In terms of use of materials, the share of glass on façades has the greatest significance, increasing air overheating in a combination with contemporary façades with clean lines (without canopies).
In this category, our study referred to the elements concerning human activities, even though many other elements were recorded as well, i.e., elements added by individuals themselves, either planned or not, such as: air conditioning installations, shading, bins, cars (even though both locations are closed for traffic), open fires, etc. When visiting the locations, it became clear that some of these elements were unpredictable, so we neglected their significance. Road congestion and cars ( Figure 14 ; in connection to Tables 1-3) also cause overheating. Both study locations are "surrounded by" busy transport roads, which however do not significantly impact the overheating inside the locations. The presence of a growing number of users outdoors has a great impact on overheating. In connection with the morphology of buildings (and based on field investigations) we found that the movement of users in TRN is completely different than that in MRN. In MRN, users mostly spend time at the pond for two reasons: there are water areas and vegetation, while there is a lack of shades between buildings. In TRN they move within the entire area (park, shading, and vegetation). The number of users decreases with higher temperature (the lack of shade). On the other hand, we found that in terms of overheating of surfaces, air-conditioning installations have a greater influence on the ventilation of the attic level in MRN than exterior air-conditioning installations in TRN, which are additionally mounted on the façade. The impact of garbage bins on overheating due to decomposition is also negligible, as their quantity is rather insignificant and they are regularly emptied. In the sense of urban metabolism at both sites, there are no key elements (population density is low and so the number of elements influencing the metabolism is also low) that would affect overheating or any other parameters. The City of Ljubljana's strategy is focused on zero waste, and in 2016 the city was proclaimed Green Capital. The verification of data and the conditions at TRN and MRN prove that the mentioned strategy is also implemented in practice.
Discussion
The fact that the temperature in urban areas is different than that in its rural surroundings but also within the urban area due to intra-urban differences in land use and surface characteristics [29] is well demonstrated on the example of Koseze area of the City of Ljubljana, which was the subject of the study presented here. Favorable climate conditions of Koseze, in comparison with other areas of Ljubljana, can be brought into relation with its land-use purpose, density and associated anthropogenic effect, as well as land cover.
Both neighborhoods, TRN and MRN, have some common elements, which mitigate the UHI effect.
Green Areas
Vegetation is the most reasonable solution when selecting UHI mitigation measures. Urbanisation increases surface temperatures in cities and affects the heat balance, while vegetation efficiently cools urban areas. Vegetation canopies cool the environment by providing shade and by transpiration of water through leaves [30] ; evapotranspiration can transform a large portion of incoming solar radiation to the surface, which otherwise contributes to the underground heat storage, into latent heat, and makes the ground surface cooler [31] . Increasing the vegetation land cover could considerably reduce surface temperatures [32] ; trees of a height of 5-10 m or thick hedges of a height of 1.5 m help to control the overheating of surfaces in buildings [33] ; green areas reduce airconditioning energy use and avoid carbon emission [34] . The cooling extent of a green area is also In the sense of urban metabolism at both sites, there are no key elements (population density is low and so the number of elements influencing the metabolism is also low) that would affect overheating or any other parameters. The City of Ljubljana's strategy is focused on zero waste, and in 2016 the city was proclaimed Green Capital. The verification of data and the conditions at TRN and MRN prove that the mentioned strategy is also implemented in practice.
Discussion
Green Areas
Vegetation is the most reasonable solution when selecting UHI mitigation measures. Urbanisation increases surface temperatures in cities and affects the heat balance, while vegetation efficiently cools urban areas. Vegetation canopies cool the environment by providing shade and by transpiration of water through leaves [30] ; evapotranspiration can transform a large portion of incoming solar radiation to the surface, which otherwise contributes to the underground heat storage, into latent heat, and makes the ground surface cooler [31] . Increasing the vegetation land cover could considerably reduce surface temperatures [32] ; trees of a height of 5-10 m or thick hedges of a height of 1.5 m help to control the overheating of surfaces in buildings [33] ; green areas reduce air-conditioning energy use and avoid carbon emission [34] . The cooling extent of a green area is also affected by the features of its surrounding areas, such as the density of buildings, the height/weight ratio, direction of streets, and the existence of plants [34] .
Orientation of Buildings' Axes in Approx. N-S Direction
Orientation of buildings, on the one hand, influences the rate of air mass movement between buildings, while the canyon between the construction lines can, depending on the wind direction, increase or reduce its speed, which influences how temperature is sensed. It is sensible to exploit natural wind patterns, as this can lower the temperature [34] . The heat of direct solar radiation is accumulated in building masses, which affects the heat of the environment, also with a time lag, while the relationship between solar energy and heat accumulation depends on the albedo of the material used on building surfaces. The orientation, connected to morphology, is important due to the shading of outdoor surfaces in both neighborhoods.
Urban Morphology
It was found that urban networks and structures play an important role in temperature conditions in the built environment; the results show that building form, orientation, and layout are among the most efficient strategies for mitigating the UHI effect [6] . Similarly, the organization in the form of an open street is significant or, according to O'Malley [6] , the "presence of urban street canyons [results] in lower rates of long-wave radiation loss during the night"; O'Malley also elaborates the significance of urban morphology "reduced speed of wind caused by design and layout of the built environment". In the case of Koseze, i.e., TRN and MRN, the latter is the decisive factor, i.e., that building dimensions, in-between spaces, offsets of residential apartment buildings, and the diversity in height and street width influence the differences in UHI in combination with other parameters.
Pedestrian Areas
Both neighborhoods are traffic-free. Parking is provided in an underground garage, the concrete corridors for entering the garages at the edge of both neighborhoods increase the temperatures in micro locations. From the viewpoint of the user, it is very important to know who the area is intended for as "parking lot building materials are known to create a heat island effect" [35] (p. 69). Despite the lack of parking spaces in both neighborhoods, surface materials also affect air overheating (paved surfaces) [36] , as in the case of pathways and cycling trails in TRN and MRN, particularly the use of asphalt for paths, while this is less evident in MRN where concrete paving is only used in W-E direction. In the case of Koseze, TRN and MRN, transport roads and car park areas, as elements of overheating, are excluded.
MRN has additional elements mitigating the UHI effect, particularly in the sense of creating border conditions.
Immediate Vicinity of a Native Forest at the Edge of the Neighborhood
Based on measurements, Ca showed that even a small park with dense trees and greenery affects the temperature comfort in the middle of densely built-up areas. Strong local windscool the built environment and reduce heat intensity [31] . In this case, MRN is at an advantage in the sense of green areas (trees), as it has a forest to the SE as the edge of the neighborhood. However, the influence of wind is negligible (in the summer the W and SW wind directions prevail in the hours when UHI is the highest), as it does not include the orientation of the forest area. Thus, the forest area provides the neighborhood with an insignificant quantity of cool air.
Water Areas-A Pond
Water in the form of urban inland water bodies functions as an urban "sink", the water has a cooling effect on the hot air [37] . According to Slingerland [38] (p. VI) "It can be seen that water is a good mitigation measure, because DTS (Distributed Temperature Sensing) measurements show that a minimum of 14% of daily incoming solar energy is absorbed by surface water". In the study on the influence of water on overheating, he also suggests, "the directly measureable cooling effect of vegetation is larger than the cooling effect of water" [38] . The pond area is at a distance of 40 m from the built structure (the closest distance between the building and water). There is no water element inside the location so we expect that the external influence to the edge of the location is minimal in terms of reducing overheating; this also relates to urban morphology, because in the pond direction already the first set of buildings creates a linear barrier.
Urban forests can influence fluxes of energy and mitigate summer temperatures [39, 40] . While this refers to the area of Koseze as a whole, when compared to other Ljubljana areas, the study showed that there are significant variations between different parts of Koseze-the neighborhoods. The deviation in UHI intensity occurring in Koseze was explained by variable morphological characteristics between the two studied residential neighborhood developments. The study has shown that neighborhood morphology affects its microclimate to the level to annul the potentials of bioclimatic features of the immediate surroundings, which are in this case the forest and the water body-the pond. MRN's location, which is in the immediate proximity to the forest and the pond, had higher summer temperatures due to less favorable morphological features, which are: busy roads and parking corridors (concrete). We find that underground car parks greatly affect overheating despite the seemingly green composition of urban morphology (case of MRN).
Conclusions
The paper discusses the summer temperature conditions in two residential neighbourhoods. The neighbourhoods are located in close proximity, they have a similar morphological structure, and similar climate conditions; however, one of the neighbourhoods has a significantly higher UHI intensity than the other. The study deals with a synthesis of the urban morphology and on-site measurements regarding Oke's definition [11] of four significant controls on urban climate, including urban structure, urban cover, urban fabric, and urban metabolism.
Based on this study we find that there is a significant relationship between urban climate concentration and urban morphology in residential areas with low UHI, particularly in terms of parameters relating to wind flow capacity, insolation, existence or absence of basement, and surface overheating, while the impact of border conditions on overheating is less significant. The key parameters with the cooling effect are: green areas and their placement and the lack of traffic areas, particularly stationary traffic (i.e., parking). The studying of the correlation between UHI and urban morphology characteristics, including on-site checking, explains the impact of the parameters on surface temperatures that significantly influence the comfort of living quality in the neighbourhoods' outdoor spaces.
